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ABSTRACT
The product ion o f  d ictyosome-derived v e s ic le s  was in ves t iga ted  
a t  the u l t r a s t r u c t u r e a l  leve l  in mature or  stage I I I  te t ras p o ran g ia  
o f  the marine red alga Polysiphonia  denudata. Stage I I I  is the post-  
m e io t ic  stage o f  the te trasporangium during which cy to k in es is  is in 
progress or  a l ready  completed and where a mucopolysaccharide layer  
continuous w i th  the cleavage furrows is produced. I t  is apparent th a t  
the secre to ry  product o f  hypertrophied dictyosomes c on tr ibu tes  to th is  
mucopolysaccharide la y e r .  The dictyosomes are c h a ra c te r iz e d  by a minimal 
i n t e r c is t e r n a  1 spacing which is maintained by a conspicuous o s m ioph i l ic  
cementing substance. E lectron opaque m a te r ia l  is observed in the c is t e r n a  
a t  the proximal pole o f  the dictyosome w h i le  e le c t r o n  t ransparent  
m ater ia l  p ro g res s iv e ly  accummulates toward the d i s t a l  po le .  Ves ic les  
are produced by the c e n t r i p e t a l  i n f l a t i o n  o f  the d i s t a l  c is te rn a .  and 
only  a s in g le  v e s ic l e  per c is t e r n a  appears to be formed. When the 
d i s t a l  c is t e r n a  becomes f u l l y  i n f l a t e d ,  e le c t r o n  t ransparent  m a te r ia l  
completely surrounds the opaque substance c r e a t in g  the dark-cored  
appearance c h a r a c t e r i s t i c  o f  the der ived v e s ic le s  found during t h is  
stage o f  t e t ra s p o ro g e n e s is . To my knowledge, the i n t e r c i s t e r n a l  
cementing substance which is responsible  f o r  keeping the dictyosome 
together  as a d i s c r e t e  o r g a n e l le  has not been observed in o ther  p lan t  
or  animal c e l l  types.  A lso ,  hypertrophied dictyosomes producing only  
a s in g le  v e s ic le  from each c is t e r n a  and the apparent  mechanism by which 
t h is  is accomplished have not been p rev ious ly  reported .
SECRETORY VESICLE FORMATION AND DICTYOSOME MORPHOLOGY 
TETRASPORANGIA OF THE MARINE RED ALGA POLYSIPHONIA 
DENUDATA (DILLWYN) KUTZING
INTRODUCTION
The Golgi apparatus in most p lan t  c e l l  types is reported to  be 
composed o f  dictyosomes or  p o la r i z e d  stacks of  c i s t e r n a e .  Dictyosomes 
are found s i tu a te d  so th a t  t h e i r  proximal poles or forming faces are  
adjacent  to e i t h e r  endoplasmic re t icu lum  or  the nuc lear  envelope.  
Several s tudies provide evidence th a t  the c is te r n a e  a t  the proximal  
pole o f  the dictyosome are formed from the fusion o f  small v es ic les  
or  blebs be l ieved  to o r i g i n a t e  from the endoplasmic re t icu lum  or  the 
ou te r  membrane o f  the nuc lear  envelope (1A).  The continued product ion  
o f  new c is te r n a e  a t  the proximal pole re s u l ts  in the displacement o f  
each o f  the p re v io u s ly  formed c is te rn a e  from the proximal toward the 
d i s t a l  po le .  As each new c is t e r n a  is formed a t  the proximal pole  
one is app aren t ly  lo s t  through v e s ic l e  product ion a t  the d i s t a l  po le ,  
since the number o f  c is te rn a e  appear to remain constant  in a given  
dictyosome (14 ) .
In studies on the hyphae o f  the fungus Pythium ultimum i t  was 
observed th a t  during the c i s t e r n a l  progression from the proximal pole  
to  the d i s t a l  pole the c i s t e r n a l  membrane c h a r a c t e r i s t i c s  changed from 
those o f  the endoplasmic re t icu lum  to the type e x h ib i te d  by the plasma 
membrane ( 7 , 8 ) .  In dictyosomes o f  o ther  organisms the i n t e r c i s t e r n a l  
s ta in in g  c h a r a c t e r i s t i c s  a lso  appear to change during t h is  membrane 
t ra n s fo rm a t io n ,  r e s u l t in g  In the appearance o f  a m a te r ia l  w i th  
s ta in in g  c h a r a c t e r i s t i c s  s i m i l a r  to th a t  o f  the contents o f  the
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3secre to ry  v es ic les  produced a t  the d i s t a l  pole  o f  the dictyosome (*t ,8,  
19 , 2 6 ).
In a d d i t io n  to membrane t rans form at ion  and product s ta in in g  
c h a r a c t e r i s t i c s ,  the development o f  secre to ry  v e s ic le s  is observed 
to be progress ive  across the dictyosome. This development begins  
w ith  the accummulat ion o f  the products o f  synthesis  w i t h in  the c i s t e r n a e .  
As the c is te r n a e  advance to the d i s t a l  po le ,  they become p ro g res s iv e ly  
i n f l a t e d  and f i l l e d  w i th  a d d i t io n a l  product .  L ight  and e le c t r o n  
m icroscopic  cytochemistry ( 3 , 1 9 , 2 1 , 2 6 ) ,  autoradiography (18) and 
biochemical ana lys is  o f  is o la te d  dictyosomes (23) show a l o c a l i z a t i o n  
of  polysacchar ide  and o th e r  complex carbohydrates in the Golgi apparatus  
and i t s  der ived  v e s ic l e s .  Whalely suggests th a t  the Golgi apparatus  
conta ins the enzymes necessary f o r  the synthesis  o f  c e r t a i n  carbohydrates  
(25) and o thers  g ive  evidence in d ic a t in g  th a t  the Golgi c is te r n a e  and 
v e s ic le s  are  the s i t e  o f  the complexing o f  carbohydrates w i th  p ro te ins  
synthesized in the endoplasmic re t icu lum  (3 )*
Although the foregoing is reasonably w e l l  documented, l i t t l e  is 
known o f  the f a t e  o f  the dictyosome c is te r n a e  in p lants  fo l lo w in g  the  
re lease  o f  sec re to ry  v e s ic l e s .  Mollenhauer (11) postu la ted  t h a t  in 
maize the c is te r n a e  d is s o c ia te  from the d i s t a l  pole o f  the dictyosomes 
fo l lo w in g  v e s ic l e  r e le a s e .  The d isso c ia ted  c is te r n a e  fragment and are  
q u ic k ly  broken down beyond the r e s o lu t io n  o f  the e le c t r o n  microscope.
The major concern o f  t h is  study is d i r e c te d  toward the r o le  o f  the  
c is te r n a e  in v e s ic l e  production in te t ra s p o ra n g ia  o f  the marine red 
alga Po lys iphonia  denudata. Observat ions o f  dictyosomes in these c e l l s  
are  presented showing a p re v io u s ly  unreported method o f  v e s ic l e
kproduct ion which d i r e c t l y  takes in to  account the m a jo r i t y  o f  the  
membrane o f  the d is ta l -m o s t  c i s t e r n a .
MATERIALS AND METHODS
Tetrasporophytes o f  Polysiphonia  denudata (Rhodophyta, Rhodo- 
melaceae) were c o l l e c t e d  from the York River  near Yorktown, V i r g i n i a ,  
during the summer months o f  1971. The m ate r ia l  was gathered during  
both high and low t id e s  and was found at tached to rocks and s h e l l s  a t  
shallow depths .
Most tha 11? were f ix e d  immediately fo l lo w in g  c o l l e c t i o n  in a 
m ixture  o f  3% paraformaldehyde -  3% g lu ta ra ld ehyde  in a 0.1 M phosphate 
b u f f e r  (pH 6 .6 )  w i th  0 .15  M sucrose, w h i le  others were s tored in sea 
water  f o r  l a t e r  observat ion  w i th  the l i g h t  microscope. Post f i x a t i o n  
was performed using 1% OsO/j in the same b u f f e r .  Both f i x a t i o n s  were 
over a two hour p er iod .  Ear ly  dur ing the dehydrat ion schedule using  
increas ing concentra t ions  o f  acetone,  the tha 11? were s ta ined  16-24  
hours in a 2% uranyl a c e ta te  -  70% acetone s o lu t io n  a t  4 °  C. Epon 812 
was used to i n f i l t r a t e  and embed the tha 11i ( 9 ) .
Thin sec t ion ing  was done w i th  a diamond k n i f e  on a Porter -Blum  
MT-2B u l t ram icro tom e.  The sections were s ta ined  b r i e f l y  in lead  
c i t r a t e  (24) before  examinat ion in a Zeiss EM 9S-2 e le c t r o n  microscope.
Epon-embedded m a te r ia l  prepared f o r  e le c t r o n  microrcopy was cut  
w ith  a glass k n i f e  a t  1 .5 ” 2 .0  u and was s ta ined  w i th  t o l u i d i n e  blue  
or  the PAS r e a c t io n .  A l l  m a te r ia l  examined by l i g h t  microscopy, both 
l i v i n g  and res in  embedded, was photographed w i th  a Zeiss Photomicroscope 
11 on 35 mm Panatomic X f i l m .
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RESULTS
The marine red a lga  Polysiphonia  denudata e x h ib i t s  a t y p ic a l  
Polys iphon ia type l i f e  h i s t o r y .  In s h o r t ,  th is  e n t a i l s  an a l t e r n a t i o n  
of  m o rpho log ica l ly  id e n t ic a l  macroscopic gametophyte and te trasporophy te  
generat ions ( 5 ) .  A l l  observat ions were made on e a r l y ,  mid and l a t e
stage I [ I te t ras pores  o f  the te trasporophyte  p l a n t .  Stage I I I  Is the
post-meio tTc stage o f  the tetrasporangiurn in which cy tok ines is  Is
e i t h e r  in progress or  a l ready  completed (20) (Figs*  2 and 3 ) .  At
t h is  stage in the development o f  te t raspores  the dictyosomes are  In 
a hypertrophied co n d i t io n .
Dictyosomes in the mature te t ra s p o ra n g ia  a r e ic h a r a c te r i z e d  by 
h ig h ly  i n f l a t e d  c is te r n a e  associated  w i th  large  v e s ic le s .  The v e s ic le s  
are  c h a r a c t e r i s t i c a l l y  e le c t r o n  t ransparent  w i th  moderate ly  dense 
f ib ro u s  cores and are  located near the d i s t a l  pole (F ig .  A) .  The 
approximate length o f  c is te r n a e  in hypertrophied dictyosomes is 
3-Aum w h i le  in comparison, the c is te r n a e  o f  the v e g e ta t iv e  dictyosome 
in P_. denudata measures about o . 5 “0.6um in length (F ig .  5 ) .
The dictyosomes appear to have no s p e c i f i c  o r i e n t a t i o n  w i th  
respect to  e i t h e r  the nuc le i  o r  the inves t ing  w a l l  la y e rs .  Also  
there  is no s p e c i f i c  o r i e n t a t i o n  o f  the d i s t a l  pole e i t h e r  toward or  
away from the large  f ib ro u s  vacuoles th a t  are observed in stage I I I  
t e t r a s p o r e s .  However, these vacuoles are  found only  in areas o f  the  
cytoplasm where several  dictyosomes are p resen t .  Although dictyosomes
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7appear to be randomly located in the cytoplasm there  is one o r g a n e l le  
th a t  appears to be s p e c i f i c a l l y  associated w i th  the dictyosomes. A 
s in g le  mitochondrion is always observed to  be associated  w i th  the  
proximal pole o f  a dictyosome (F igs .  5 and 7 ) .
Smooth endoplasmic re t icu lum  is a lso  observed a t  the proximal  
pole o f  the dictyosomes. Small v e s ic u la r  bodies appear to be formed 
and re leased by the endoplasmic re t icu lum  (F igs .  6 and 7 ) *  As the  
"b lebs"  are re leased by the endoplasmic re t icu lu m ,  they become e i t h e r  
coated or  f i l l e d  w i th  an osmiophi11c substance. Observat ions g ive  
evidence th a t  these e l e c t r o n  dense bodies coalesce w i th  the newly 
forming c is te r n a e  (F ig .  7 ) .
Beginning w i th  the second and t h i r d  c is te r n a e  from the proximal  
pole o f  the dictyosome, the c e n t ra l  p o r t io n  o f  the ad jacent  c is te r n a e  
are  appressed (F ig .  6 ) .  The i n t e r c i s t e r n a l  area in t h is  region s ta ins  
in te n s e ly  g iv in g  the appearance o f  membrane fus ion .  Under h igher  
m a g n i f ic a t io n  the appearance o f  the region seems to be due to the  
presence o f  an i n t e r c i s t e r n a l  substance and not to  d i r e c t  membrane 
fus ion  (F ig .  8 ) .  Fur ther  evidence fo r  an i n t e r c i s t e r n a l  substance is 
obta ined through measurement o f  the membranes o f  the c is t e r n a e .  A 
s in g le  c i s t e r n a l  membrane is approximate ly  5 . 5 “6.5nm wide ,  whereas the  
w idth  o f  the e le c t r o n  dense region where the two membranes are  in close  
a p p os i t ion  is 15~17nm. This d is tance  is s i g n i f i c a n t l y  l a r g e r  than 
tha t  expected i f  the membranes were a c t u a l l y  fused.
The product o f  the dictyosome is f i r s t  noted in the lumen o f  the 
proximal c i s te r n a e  as a moderately  e le c t r o n  dense, dispersed substance 
(F ig .  6 ) .  With the appearance o f  the above mentioned i n t e r c i s t e r n a l
substance, another substance Is seen to be aggregat ing w i t h in  the  
lumina a t  the per iphery  o f  the c is te r n a e .  The accummulation o f  the  
e le c t r o n  t ransparent  m a te r ia l  is evidenced by the appearance o f  
c i s t e r n a l  i n f l a t i o n .  Possib ly  due to a continued product ion o f  t h is  
m a t e r i a l ,  an expansion o f  the c is te r n a  progresses c e n t r i p e t a l l y  
(Pig* 7 ) .  As the c is t e r n a  continues to expand the moderately  
e le c t r o n  dense substance f i r s t  noted appears to be condensed in the  
c e n tra l  p o r t io n .
The in te n s e ly  s t a in in g  i n t e r c i s t e r n a l  substance disappears when 
a c is t e r n a  reached a p o s i t io n  s ix  to e ig h t  c is te r n a e  from the proximal  
pole o f  the dictyosome (F igs .  7 and 8 ) .  At t h is  lo ca t io n  the expansion  
o f  a c i s t e r n a  is r a th e r  e x te n s iv e .  The c e n t ra l  p o r t io n ,  although  
s t i l l  conta in ing  only the moderately s t a in in g  m a t e r i a l ,  has expanded 
to approximate ly  twice i t s  o r i g i n a l  s i z e  (F ig .  7 ) .  The e n t i r e  nascent  
sec re to ry  v e s ic l e  now become completely  separated from the stack and 
continues to expand (F igs .  6 and 7)*  The c i s t e r n a l  expansion p e r s is ts  
in the same manner as p r i o r  to i t s  re lease  from the dictyosome. The 
e le c t r o n  t ransparent  m a te r ia l  f i n a l l y  surrounds the darker  substance  
producing a s in g le  v e s ic l e  from the e n t i r e  c i s t e r n a .  These v e s ic le s  
appear to c o n t r ib u te  to the large  f ib rou s  vacuoles p reva len t  in these  
c e l l s  (F igs .  4 and 9 ) .
L ight  microscopic cytochemical techniques using both t o l u i d i n e  
blue and the PAS reac t ion  show the contents o f  the large  f ib ro u s  vacuoles  
in IP. denudata to be carbohydrate in nature  (F ig .  2 ) .  P e y r ie r e ,  in 
recent  h istochemical  and cytochemical s tudies  on the dictyosomes o f  
G r i f f i t h s i a  f lo s cu lo sa  has determined the m a te r ia l  contained In the
9secre to ry  v e s ic le s  to be mucopolysaccharide (1 7 ) .  T here fo re  i t  is 
probable th a t  the product o f  the dictyosomes is a complex polysac­
c h ar ide .
DISCUSSION
Observat ions on the te t raspores  o f  the marine red a lga Po lys iphon?a 
denudata show a con s is ten t  r e l a t i o n s h ip  between a s in g le  mitochondrion  
and the proximal pole o f  the dictyosome. As e a r l y  as 1956 Lever ( in  2) 
p os tu la ted  the ex is tence  o f  such a r e l a t i o n s h i p .  Recent work on the  
u l t r a s t r u c t u r e  o f  the Rhodophyta show t h a t  t h is  may indeed be a d iag n o s t ic  
ch arac te r  o f  t h is  d i v i s io n  o f  the a lgae  ( 2 0 ) .  Other workers have a lso  
reported t h i s  r e l a t i o n s h ip  in severa l  o th e r  organisms ( 1 , 1 2 , 1 6 , 17 ) .  
Mitochondria  a re  known, In some c e l l s ,  to  be located in c lose p rox im ity  
to  o th e r  o rg a n e l le s  th a t  re q u i re  ATP to car ry  out t h e i r  normal fu n c t io n  
C i . e . ,  ca rd iac  t is s u e )  ( 6 ) .  The work o f  Schnepf w i th  the use o f  
i n h i b i t o r s ,  supports the hypothesis th a t  there  is a dependence o f  the  
in d iv id u a l  dictyosomes upon r e s p i r a t o r y  energy ( in  12) .  T h e re fo re ,  
the observat ion  o f  a m itochondr ia l -d ic tyosom e r e l a t i o n s h ip  could very  
w ell  be exp la ined  on the basis o f  a p r i m i t i v e  energy supply -  energy 
usage r e l a t i o n s h i p .
The formation o f  the c i s t e r n a  a t  the proximal pole o f  the dictyosome 
is w e l l  documented in severa l  organisms (1 4 ) .  However, in JP. denudata 
t e t ras p o res  the v e s ic le s  th a t  a re  re leased from the endoplasmic  
re t icu lu m  are  coated w i th  an o s m io p h i l ic  substance. Since t h is  d a rk ly  
s t a in in g  substance does not appear on the ou te r  faces o f  the membranes 
o f  the endoplasmic re t icu lu m  or when the v e s ic le s  coalesce to  form the  
f i r s t  c i s t e r n a ,  I can on ly  con jec ture  as to  i t s  f a t e  or fu n c t io n .
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Three poss ib le  funct ions  are :  (a) th a t  t h is  m a te r ia l  is a por t io n  o f
the sec re to ry  product th a t  is synthesized by the endoplasmic re t icu lum  
and is e v e n tu a l ly  incorporated w i t h in  the lumen o f  the c is t e r n a ;  (b) 
th a t  i t  is a m a te r ia l  e f f e c t i n g  the changes in membrane s t r u c t u r e  as 
reported by Bracker ( 7 ) ;  or  (c) th a t  t h is  m a te r ia l  is the i n t e r c i s t e r n a l  
bonding component.
The morphology o f  dictyosomes in P. denudata e s s e n t i a l l y  fo l lows  
the c l a s s i c a l  d e s c r ip t io n  which has a t ta in e d  wide support (1 *0 .  The 
two major d e v ia t io n s  from the c la s s ic a l  model are  the appearance o f  ah 
o s m io p h i l ic  i n t e r c i s t e r n a l  cementing substance and the method o f  
v e s i c l e  format ion .
The ex is tence  o f  an i n t e r c i s t e r n a l  substance in these dictyosomes 
became apparent  a f t e r  measurement o f  c is te r n a e  and c lose examinat ion o f  
the s t a in in g  c h a r a c t e r i s t i c s  o f  the area where membrane fus ion was 
thought to  be e x h ib i t e d .  The measurements given e a r l i e r  in d ic a te  th a t  
the d is tance  from the membrane o f  one c is t e r n a  to the contiguous  
membrane o f  the next c is t e r n a  in the * fu sed ‘ regions was g r e a te r  than 
the sum o f  the w idth  o f  two c i s t e r n a l  membranes in the 'non-fused '  reg ion.  
Also the e le c t r o n  opaque o u te r  layers  w i th  a f a i n t  inner fused laye r  
c h a r a c t e r i s t i c  o f  fused membranes, i . e . ,  the s o -c a l l e d  t i g h t  ju n c t io n s ,  
were not observed (15) (F ig*  8 ) .  Mollenhauer and Morre gave i n d i r e c t  
evidence f o r  some type o f  i n t e r c i s t e r n a l  bonding m a te r ia l  which funct ions  
to hold the c i s te r n a e  o f  the dictyosome toge ther  ( 1 2 ) .  T h e i r  evidence  
consis ted o f  the fo l lo w in g :  (a) th a t  dictyosomes could be is o la te d  as
i n t a c t  in d iv id u a l  o r g a n e l le s ;  (b) th a t  t h e i r  c h a r a c t e r i s t i c  morphology 
was not d is rup ted  by s t r a t i f i c a t i o n  In the i n t a c t  c e l l ;  and (c) tha t
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there  ex is te d  a constant  i n t e r c i s t e r n a l  spacing both in the in ta c t  c e l l s  
and when is o la te d .  This l a s t  piece o f  evidence is o f  specia l  in t e r e s t  
her s ince the present  work shows th a t  as one proceeds to  the d i s t a l  pole  
there  is a decrease in the amount o f  the c is te rn a e  in which t h is  minimal 
i n t e r c is t e r n a  1 d is tance  Is m ainta ined.  The I n t e r c I  s te rn a l  substance  
is observed to be confined to these minimal d is tance areas ,  and t h e r e f o r e ,  
a lso  decreases in amount from the proximal to the d i s t a l  pole (F ig .  7 ) .
In co n t ra s t  to previous reports  on d i s c r e t e ,  tu b u la r  i n t e r c i s t e r n a l  
elements ( 1 0 , 2 2 ) ,  in P_. denudata th is  m a te r ia l  appears instead to f i l l  
the e n t i r e  i n t e r c i s t e r n a l  space. Although the i n t e r c i s t e r n a l  elements 
reported in the dictyosomes in o th e r  organisms are  not be l ieved  to be 
the cemmenting substance ( 13 ) ,  in t h is  a lga  the i n t e r c i s t e r n a l  m a te r ia l  
appears to be the cementing substance and c o n s t i tu te s  the f i r s t  ta n g ib le  
evidence f o r  t h is  substance in e i t h e r  p la n t  o r  animal c e l l s .
in P_. denudata te t ras p o res  a s in g le  v e s ic le  is formed from each 
c i s t e r n a  a t  the d i s t a l  pole  o f  the dictyosome. The e n t i r e  d i s t a l  c is te r n a  
appears to be involved in the product ion o f  the v e s i c l e ,  r a th e r  than 
e x h i b i t i n g  the per ip h era l  sec re to ry  and c en tra l  non-secre tory  por t ions  
o f  the c la s s ic a l  model (1 *0 .  Beams and Kessel ,  in t h e i r  review a r t i c l e ,  
b r i e f l y  a l lu ded  to a s i m i l a r  pathway o f  v e s ic le  formation shown in a 
s in g le  micrograph (2 ) .
The process o f  v e s ic l e  formation in the dictyosomes o f  P_. denudata 
is app aren t ly  due to the manner o f  product accummulation. T h e re fo re ,  
v e s i c l e  development begins w i th  the appearance o f  the i n t e r c i s t e r n a l  
m a t e r i a l ,  which marks the beginning o f  product accummulatIon (F ig .  7 K  
The p er iphery  o f  the c is te r n a e  i n f l a t e  f i r s t  probably due to l a t e r a l
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product accummulat Ion. As the product continues to be modif ied  the 
c is t e r n a l  expansion progresses c e n t r i p e t a l l y . Wherever i n f l a t i o n  o f  
the appressed p o r t io n  o f  the c is te r n a e  has begun the i n t e r c i s t e r n a l  
cementing substance is not observed and the d is tance  between the 
p e r ip h era l  regions o f  the opposed c is te r n a e  increases.  With the  
expansion o f  the c e n t ra l  p o r t io n  and the complete disappearance o f  the 
cementing substance the c is t e r n a  (nascent sec re to ry  v e s ic l e )  is re leased  
from the dictyosome (F ig .  7 ) .  This re lease  appears to be complete since  
those c is te r n a e  th a t  are  s p a t i a l l y  separated from the c i s t e r n a l  stack  
o f te n  lose t h e i r  previous o r i e n t a t i o n  w i th  regard to the stack ( F ig s . 6 
and 7 ) .  The re leased c is te r n a e  continue to expand and e v e n tu a l l y  become 
the sph er ica l  sec re to ry  v e s ic le s .
Fur ther  evidence th a t  v e s ic l e  formation is d i r e c te d  from the  
extremes toward the cen te r  is der ived from the s t a i n i n g c h a r a c t e r i s t i e s  
w i t h i n  the c is te r n a e  as they progress from endoplasmic re t icu lum  to  
s e c re to ry  v e s i c l e .  Due to t h e i r  d i f f e r e n t i a l  e le c t r o n  t ransmission  
one observes th a t  there  are  a t  leas t  two d i f f e r e n t  i n t r a c i s t e r n a l  
m a t e r ia ls  a t  t h is  stage o f  t e t ra s p o re  development. The f i r s t  to appear  
is the moderately s t a in in g  m a te r ia l  which is confined to the cen t ra l  
p o r t io n  o f  the c is t e r n a e  o f  the stack and the c i s t e r n a l  br idge  
connecting the v e s ic u la r  lobes o f  the re leased nascent sec re to ry  v e s i c l e .
This m a te r ia l  a lso  appears as the dark core o f  the v e s ic le s  th a t  are  
formed. This implies th a t  the e le c t r o n  t ransparent  substance th a t  is 
observed a t  the ends o f  the c is t e r n a e  conf ine  t h is  f i r s t  e le c t r o n  dense 
m a te r ia l  to the c e n t ra l  p o r t io n  o f  the c i s t e r n a e ,  f i n a l l y  surrounding  
i t  complete ly  a f t e r  the c i s te r n a e  have been re leased from the dictyosome
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s t a c k .
The red a l g a e  have long been c o n s id e re d  t o  be one o f  th e  most 
p r i m i t i v e  groups o f  p l a n t s ,  and t h e r e f o r e  the  a p p a re n t  l a c k  o f  
c o n s is te n c y  o f  th e s e  o b s e r v a t io n s  w i t h  c l a s s i c a l  models based on 
more h i g h l y  e v o lv e d  c e l l  types  should  not  be o f  any g r e a t  s u r p r i s e .
At th e  p r e s e n t  t im e  th e  cementing substance r e s p o n s i b le  f o r  keep ing  
th e  d ic tyosome t o g e t h e r  as a d i s c r e t e  o r g a n e l l e  has not  been observed  
in any o t h e r  c e l l  t y p e ,  p l a n t  o r  a n im a l .  A l s o ,  h y p e r t r o p h ie d  
dictyosomes which produce but  a s i n g l e  v e s i c l e  from each c i s t e r n a  
and th e  a p p a re n t  mechanism by which t h i s  is accom p l ish e d ,  have not  
been p r e v i o u s l y  r e p o r t e d .  These unique o b s e r v a t io n s  in  th e  t e t r a s p o r e s  
o f  P^ . denudata  may p o s s i b l y  be c h a r a c t e r i s t i c  o f  a p r i m i t i v e  c e l l  
t yp e  t h a t  e v o lv e d  s e p a r a t e l y  f rom those types which were th e  p redecessors  
o f  th e  c e l l s  o f  more advanced p l a n t s  and a n im a ls .
PLATE 1
L i v i ng t h a 1 1 i o f  Polys f phon f a denudata exh i b11 i ng i n t e r n a l l y  
borne t e t r a s p o r a n g i a  in s e v e r a l  s tages  o f  deve lopm ent .  
Normarski  d i f f e r e n t i a l  i n t e r f e r e n c e  c o n t r a s t ,  X22k.
L i g h t  m ic ro g rap h  o f  a 1 u t h i c k  s e c t i o n  through a t h a l l u s  
c o n t a i n i n g  n e a r l y  m ature  t e t r a s p o r a n g i a . T o l u i d i n e  b l u e ,  
X560.
Low m a g n i f i c a t i o n  e l e c t r o n  m ic ro graph  o f  a t e t r a s p o r a n g Iu m  
in  which c y t o k i n e s i s  is o c c u r ln g  (s ta g e  1 1 1 ) .  N, n u c le u s ;  
CF, c le a v a g e  f u r r o w ;  FV, f i b r o u s  v a c u o le ;  X I , 960 .

PLATE I I
Electron  micrograph showing dictyosomes (D) in the hyper­
t roph ied  s t a t e  app aren t ly  producing the la rge  v e s ic le s  (V) .
The dictyosomes appear to have no s p e c i f i c  o r i e n t a t i o n  w i th  
respect  to  the o th e r  s u b c e l lu la r  o r g a n e l le s .  C, c h lo r o p la s t ;  
N, nucleus; FV, f ib rou s  vacuole;  M, mitochondrion;  S, s tarch  
g r a in .  XA2,750.
Dictyosomes (D) o f  a v e g e ta t iv e  c e l l  w i th  associated  
mitochondria  (M ) . Note the lack o f  c i s t e r n a l  i n f l a t i o n  and 
v e s ic u la t i o n  a t  the d i s t a l  po le .  C, c h lo r o p la s t .  X23,750.
E lec tron  micrograph e x h ib i t in g  the apparent formation o f  
blebs (arrow) by the endoplasmic re t icu lum  (ER) and the  
accummulation o f  these blebs along the proximal pole  o f  the  
hypertroph ied  dictyosome. An i n t e r c i s t e r n a l  sunstance (double  
arrow) is observed in the appressed p o r t io n  o f  the dictyosome 
c is t e r n a e .  M, mitochondrion;  NSV, nascent s e c re to ry  v e s ic l e .
X49,875.

Figure 7
PLATE 11 I
Sect ion through a dictyosome in the hypertrophied s t a t e  
g iv in g  evidence o f  the formation o f  sec re to ry  v e s ic le s  
by the separa t ion  and c e n t r i p e t a l  expansion o f  the d i s t a l  
c i s t e r n a .  Also , note the apparent formation o f  the proximal  
c i s t e r n a  from the coalescence o f  blebs from the endoplasmic  
r e t icu lum  (ER) (a r ro w ) .  DC, d i s t a l  c i s t e r n a ;  NSV, nascent  
sec re to ry  v e s i c l e ;  V, sec re to ry  v e s ic l e ;  M, mitochondrion.  
X69,225.
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PLATE IV
Figure 8
Figure 9
High m a g n i f ic a t io n  e le c t r o n  micrograph g iv in g  evidence f o r  
an i n t e r c i s t e r n a l  substance in the region o f  c i s t e r n a l  
appression.  A d a rk ly  s t a in in g  i n t e r c i s t e r n a l  substance  
jnay be v i s u a l i z e d  between two complete membranes (a r ro w ) .  
X168,000.
Secretory  v e s ic le s  (V) o f  the type formed by the dictyosomes 
in stage 111 t e t r a s p o r a n g ia ,  re le a s in g  t h e i r  contents In to  
a la rge  f ib ro u s  vacuole (FV) .  X35,625*
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